surgical reconstruction of an injured anterior cruciate ligament (ACL) leads to full recovery of function and sports activity in a high percentage of cases. the aim of the present study was to analyze variables related to the patient, the surgical technique and the post-surgical rehabilitation methods, seeking to identify predictors of outcome and recovery time after ACL reconstruction. one hundred and four patients (81 M, 23 F) undergoing a step-based rehabilitation protocol after ACL reconstruction were evaluated. 43.2% of them had an isolated ACL lesion, whereas 56.8% had one or more concurrent injuries. Data relating to personal characteristics, surgery and post-operative management were collected and analyzed for correlation. Clinical outcome was evaluated with iKDC subjective score and the tegner score, and the time to reach full recovery was noted as well. Young patients with a higher pre-injury tegner activity level or who practice sport at professional level, no concurrent capsular lesions and no postoperative knee bracing had better clinical results and took shorter time to recover. Also, a higher percentage of on-thefield rehabilitation sessions, and absence of significant muscle strength deficits at the first knee isokinetic test emerged as rehabilitation-related factors leading to a better post-surgical outcome. Personal, surgical and rehabilitation factors should be considered in order to optimize patient management and maximize the expected results. Further studies are needed to find the strongest factors in different patients. Level of evidence: Level iV, retrospective study.
Introduction
Anterior cruciate ligament (ACL) lesions may lead to knee instability, thus seriously restricting patients' return to sports activity and jeopardizing joint homeostasis, with deleterious long-term results (1) . surgical reconstruction is the gold standard for the management of ACL ruptures in a sports-active population, showing a high rate of success in terms of recovery of normal knee function and return to the previous level of sports activity (2) . in addition to several considerations regarding different kinds of graft and techniques available for reconstruction, clinical research has recently been focusing on the critical role of patientrelated factors, which might influence the final results and the time needed for recovery. in fact, different patient-and injury-related factors might be associated with a better outcome and an earlier return to the preinjury level of sports activity. Among these, postoperative rehabilitation has been acknowledged to play a key role. However, a recent systematic review reported contradictory findings regarding return to sport and a lack of consensus on the most appropriate timing and predictors to consider in order to allow athletes to resume their previous level of activity in safety (3) . the objective findings most commonly sought before allowing unrestricted sports activity are: a negative Lachman test, a complete range of motion (RoM) and a negative pivot shift test, whereas a relatively small number of clinicians consider muscle strength analysis important (4) .
A better understanding of the relationship between patient-related factors, rehabilitation and final outcome might be useful in order to develop more efficient pre-and postoperative training protocols, and thus optimize the expected postoperative outcomes. the aim of this study was therefore to identify patientrelated and rehabilitation-related factors as predictors of functional outcome after ACL reconstruction (ACLR), to allow tailored postoperative care algorithms and better functional outcomes.
Methods

Patient selection
Data from 104 consecutive patients (81 men and 23 women) who underwent rehabilitation after ACLR in a single center were collected from the medical charts. they all followed a specific criteria-based rehabilitation protocol, which was functionally oriented and tailored to each patient. to be included, patients had to have: i) undergone an ACLR procedure, and ii) followed the post-surgical rehabilitation program in the same rehabilitation center. ninety-five patients, evaluated at a minimum follow-up of 12 months after surgery, were included in the analysis, whereas nine who, for geographical or economic reasons, stopped attending the rehabilitation center prior to the discharge time were excluded. of the 95 patients evaluated at 12 months of follow-up, 87 were competitive (lower divisions) or recreational athletes; the other eight were professional athletes. the majority of the patients (78%) had a non-contact ACL injury, whereas 19% had sustained a contact ACL injury and the remaining 3% had been involved in a car accident. An isolated ACL lesion was detected in 41 cases (43.2%), whereas the remaining 54 patients (56.8%) had at least one concomitant combined lesion. All but 13 cases (13.7%) had undergone primary ACLR. For the reconstruction, a hamstring autograft (semitendinosus and gracilis tendons) was used in 82 cases (86.3%), an allograft in nine cases (9.5%), and a patellar tendon autograft in the remaining four patients (4.2%). the mean time between surgery and the beginning of rehabilitation was 8.6±6 days . At the first postoperative clinical consultation, 43% of the patients wore a knee brace. All other quantitative variables are listed in Table 1 .
Rehabilitation strategy
A teamwork-based strategy was applied: rehabilitation specialists were coordinated by a sports physician, responsible for periodically checking the patient's progression through the rehabilitation process. We adopted a functionally-oriented, criteria-based rehabilitation protocol, which was customized for each patient and included a mixture of supervised gymnasium, pool and on-field rehabilitation (oFR) sessions. the protocol is graduated and pursues four functional goals: 1) walking without crutches; 2) running on a treadmill; 3) starting oFR; and 4) return to professional or competitive/recreational sports activity. Progression from one stage to the next was based on safety criteria and not time. Patients meeting all the criteria for a specific goal could proceed to the next stage in the rehabilitation protocol. the criteria for meeting the first goal were: a) no surgical contraindications; b) absent or minimal knee effusion; c) full knee extension (comparable to contralateral knee extension); and d) recovery of the normal gait cycle. the criteria for attainment of the second goal were: a) absent or minimal pain on a numerical rating scale (nRs) (nRs <3) during walking; b) knee flexion >120°; and c) proper trunk, thigh and leg muscle tone. For the third goal they were: a) knee extensor and flexor strength 80% compared to the contralateral limb, as evaluated using the knee isokinetic test (it); and b) being able to run on a treadmill at 8 km/h at least for 10'. For the fourth goal they were: a) surgeon consensus; b) knee extensor and flexor strength 100% (as evaluated using the it); c) appropriate recovery of endurance (as evaluated using the lactate aerobic-anaerobic threshold test); and d) completion of the oFR rehabilitation program (5) .
Patient evaluation in the clinical outcome evaluation the following endpoints were considered: subjective iKDC score and level of sports activity, as evaluated with the tegner activity score at 12 months of follow-up (6), and time (days) elapsed between surgery and clinical discharge. Discharge from the rehabilitation center was subject to fulfillment of all the relevant clinical and functional criteria (resolution of knee pain or swelling, recovery of RoM, muscle strength, and previous level of daily living activities or sport-specific activity). Both quantitative and qualitative variables for each patient were considered for correlation, divided into clinical background (patient-related) characteristics and post-surgical and rehabilitation management (rehabilitation-related) variables. Among the clinical background characteristics, the following data were collected during the first postoperative visit: gender, age, weight, pre-injury tegner activity score, sport practiced at professional or amateur level, mechanism of injury (contact or non-contact), presence of associated knee lesions, type of graft used, use of postoperative bracing, pain level (nRs 1-10), swelling (0-3 scale) and RoM at first postoperative visit, and days between surgery and beginning of rehabilitation. the post-surgical and rehabilitation management variables included: number of rehabilitation sessions, number of gym sessions, number of pool sessions, number of oFR sessions, oFR sessions as a percentage of the total rehabilitation sessions (%oFR), days between surgery and first knee it, and maximum peak force (side-to-side difference) for knee extensors and knee flexor muscles at the first it. the test was performed using an isokinetic dynamometer (Genu3; Easytech, Florence, italy).
Data analysis statistical analysis was performed using stata 12.1 (statacorp texas UsA). the data are presented as mean ± standard deviation or median and relative range, as appropriate. Paired and unpaired t-tests were used to evaluate differences between quantitative variables. the linear regression model was used to identify possible relationships between clinical background and management variables and the iKDC score at one year of follow-up. the results were expressed as b coefficients, with confidence intervals at 95% (95% Ci) using univariate analysis. the relationship between different variables and the time between surgery and clinical discharge was analyzed with the Kaplan-Meier model. the number of days between surgery and clinical discharge was taken as the time variable, and the discharge itself as the event. the log-rank test was used to identify the statistically significant variables. they were further ana lyzed with the Cox regression model to understand which of them might independently affect, positively or negatively, the time between surgery and clinical discharge. the results were presented as Hazard ratio and 95% Ci. All correlations were considered significant at p<0.05.
Results
the mean iKDC subjective score at final evaluation was 91.2±11.9 (range, 32.2-100) and the mean tegner activity score was 7.0±2.0 (range, 3-10).
As regards the post-surgical management, patients completed a mean number of 56±4 (12-255) rehabilitation sessions: 36±2 (range, 6-147) in the gym, 10±7 (range, 2-46) in the pool, and 10±9 (range, 0-62) oFR sessions. on average, oFR sessions accounted for 16.7±9% of the total (%oFR range, 0-40). Patients were able to walk without crutches at a mean of 29.6±9.5 days after surgery; they were able to run on a treadmill after 81.4±3 days, and start the oFR after 100.5±38.5 days. the first knee it was performed 97.5±44.0 days after surgery, and showed that 53% of the patients had a significant (>20%) extensor strength deficit, whereas a significant flexor strength deficit was detected in 36%, with a mean side-to-side deficit of maximal peak torque at 90° that was higher for extensor (18.8%, range 0-52) than flexor muscles (12.5%, range 0-72). the patients were discharged from the rehabilitation center 173±51 (range, 84-362) days after surgery, and 161±53 (range, 77-357) days after the start of the rehabilitation program.
Further analysis was performed to evaluate factors influencing the iKDC score at final evaluation. Among the clinical background factors, a significantly higher iKDC subjective score was found at final evaluation in patients younger than 20 years and in patients with a higher pre-injury tegner score. significantly lower iKDC subjective scores were recorded by patients presenting with a concomitant combined collateral ligament (MCL or LCL) injury and by those who were prescribed a knee brace postoperatively. these patients also had a lower mean maximum knee flexion angle at the first postoperative consultation (57.5 vs 76.6, p=0.003), and also a higher mean knee flexor strength deficit at the first it (20.2% vs 11.1%, p=0.04).
As regards the management variables correlated with the final iKDC score, the patients recording a higher %oFR ( i.e. >15%) were found to have a higher final iKDC score than those with a lower %oFR. two parameters recorded at the first it for muscle strength assessment were also found to be correlated with the iKDC score: both knee extensor and knee flexor strength deficit >20% were related to a lower final score (Tab. 2). the discharge time was found to be correlated with three preoperative variables: practicing sport at a professional level ( Fig. 1) and being under 20 years of age ( Fig. 2) positively influenced the discharge time ( Fig.  1) , which on the other hand was negatively correlated with the presence of concomitant combined posterolateral corner (PLC) or posteromedial corner (PMC) tears (Fig. 3, Tab. 3). Patients in the professional level sport group walked without crutches after 21 days, versus 30 days in the other group (p=0.08), and they were able to run on a treadmill at a mean of 53 days after surgery, versus 83 days in the amateur group (p=0.06).
Patients with combined PLC/PMC lesions needed 58 days more (154 vs 97, p=0.0009) before starting the oFR program, despite doing the same overall number of rehabilitation sessions and the same number of oFR sessions, and despite not showing significant differences in knee muscle strength parameters at the first it. Finally, a correlation was found between iKDC subjective score at 12 months of follow-up and discharge time.
For each day of delay there was a decrease in the score (b coefficient = -0.05): patients discharged before the 150 th day showed better results than those who were discharged later (94.5 vs 89.1, respectively, p=0.03). Furthermore, taking the median number of days at the beginning of oFR as the cut-off (94 vs 88, respectively, p=0.01), patients starting oFR earlier were found to have a six-point higher iKDC score at 12 months' follow-up (p<0.005). 
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Discussion
Even though ACLR is extensively investigated in the literature (7, 8) , only a few studies have investigated preoperative and rehabilitation factors as predictors of outcome (in terms of clinical recovery) and of the time needed for recovery. in this series, several preoperative and management variables were found to be important factors influencing patients' final outcome and recovery time after ACLR. Four preoperative factors were found to be predictors of clinical outcome (age, presence of MCL/LCL injury, use of postoperative knee bracing, and pre-injury tegner activity level) and three were independent predictors of recovery time (age, concomitant PMC/PLC injury and practicing sport at professional level). Concerning rehabilitation and management factors, a positive correlation was found with the percentage of oFR sessions, whereas flexor and extensor strength deficits >20% at the first it evaluation were related to inferior clinical results at one year. in more detail, a lower functional score and a longer rehabilitation time was observed in patients who had multi-ligament injuries, took longer to start the oFR program, and thus showed a delayed functional recovery. this might be ascribed to the intrinsic complexity of multi-ligament injuries; indeed, such injuries may require additional procedures with ACLR (9), that might cause increased pain and symptoms, and require longer immobilization during the early postoperative phases (10) . this hypothesis seems to be confirmed by the reduced mean maximum knee flexion angle and increased mean knee flexor strength deficit recorded at the first postoperative consultation and at the first it, respectively. these findings in this group of patients are in contrast to those of spindler et al. (11), who did not find any difference in the clinical outcomes of patients with a collateral ligament injury concurrent with ACL damage at six years of follow-up. However, it is possible that the differences we found at short-term follow-up might decrease at a longer follow-up. Further prospective studies are required to analyze specifically and clarify exactly which factors affect the result: the longer immobilization that delays recovery of full RoM, or the additional instability (12) . the complexity of concomitant lesions may also explain the poo- Fig. 2 . the influence of the professional level sports activity on discharge rate over time. Professional athletes needed significantly less time to achieve a full recovery. rer results we found in patients with postoperative knee bracing. in fact, in these patients the negative influence of bracing on outcome is probably due to the use of braces for more severe injuries (60% of patients with concomitant collateral ligament injury vs 40% of isolated ACL damage wore a postoperative knee brace); instead, in patients undergoing isolated ACLRs the iKDC score did not differ significantly according to whether patients did or did not wear a postoperative knee brace, similarly to what is already reported in the literature (13) . Age is another key factor influencing ACLR results: younger patients (≤ 20 years) showed both higher iKDC scores and a faster return to activities. As other studies previously demonstrated, age might be a relevant predictive factor for outcome after ACLR, possibly related to the intrinsic biological characteristics of younger people (11) . Moreover, the younger patients also had a higher pre-injury activity level (tegner 8.3 vs 7.3, p=0.005) and a higher % oFR (20% vs 15%, p=0.02), even though the difference in the total number of oFR sessions was not statistically significant, and these factors might have contributed to their better outcome.
Patients with higher tegner sport activity levels also recorded a higher iKDC score at the final evaluation. Previous findings by De Valk et al. support this correlation, which might be due to several factors (2). Patients with a higher tegner score probably have better clinical and functional conditions prior to surgery; also, psychological factors might mean that they show better compliance during functional recovery phases. Moreover, the professional athletes reached were discharged earlier than the amateur and recreational athletes. since sport is these patients' primary occupation, and it is particularly important for them to be back on the field as soon as possible, these patients are able to dedicate much more time to rehabilitation than recreational athletes can. Furthermore, the costs of rehabilitation might limit the compliance of the latter. this is confirmed by the fact that the professional group had a higher number of total rehabilitation (122 vs 55; p<0.00001) and oFR sessions (25.2 vs 9.6; p=0.0005) than the non-professional group, despite the shorter time-frame. thus, more intensive rehabilitation might explain the faster recovery in this group, thus confirming previous findings after knee surgery by Della Villa et al., who reported a faster return to the team and to competition for professionals vs amateurs in a cohort of 50 football players (14) . A tendency towards faster progression in the early rehabilitation phases was also observed in this group: the professionals were able to walk without crutches and to run on a treadmill much sooner than the other patients. With regard to rehabilitation and management factors, knee muscle strength deficit appeared to be a key factor in our analysis. the literature showed how preoperative knee extensor strength deficit can be a predictor of ACLR clinical outcome at six months of follow-up (15) , and thus rehabilitation should aim at achieving muscle strength recovery. in particular, our findings confirmed the importance of muscle strength and suggested that a proper recovery of limb-to-limb symmetry should be reached as soon as possible, since an extensor deficit >20% at first it postoperatively was associated with lower scores at one year. Knee flexor strength was correlated with the iKDC subjective score at 12 months as well. Even though a knee flexor deficit >20% at the first it was less common than an extensor deficit, this finding still significantly affected the outcome in our series. Continuous evaluation of strength deficit by it during the rehabilitation process would allow imbalances to be detected and corrected through specific interventions. our findings show that it is important to achieve a complete recovery of function and strength before allowing unrestricted sports activity, partially because hamstring strength deficit has been identified as a factor contributing to the risk of re-injury after ACLR (16) . Finally, the proportion of oFR sessions performed influenced the functional result. since the progressive resumption of the sport-specific gesture is the basic aim of the oFR concept (5), this finding should be considered relevant in the planning of postoperative treatment: the % oFR could be increased in highly specialized centers to improve the functional result. in fact, patients who started oFR earlier had a faster recovery and a better outcome at one year. other factors such as gender, weight, mechanism of injury, type of graft used, pain, effusion and days between surgery and enrolment were not significantly correlated with outcome in our series. some of these aspects are consistent with previous findings: most Authors reported no differences using different grafts or surgical techniques (8, 17, 18) , while the role of gender is more controversial (7), but we cannot exclude J oints aCl reconstruction and rehabilitation that future studies on larger cohorts of patients might also reveal an influence of these factors on the results of ACLR. in fact, limitations of the present study are the limited number of patients, which restricts the possibility of performing sub-analyses and detecting confounding factors, and the short-term evaluation, which prevents us from showing whether the observed variables might also influence the long-term clinical outcome. Another weakness is the lack of preoperative it data. However, this study highlighted the importance of several factors, both patient-related and rehabilitation-related, which were found to play a role and therefore warrant investigation in future robust studies, in order to improve the management of patients undergoing ACLR. in conclusion, ACLR and rehabilitation have a high success rate. nonetheless, personal, surgical and rehabilitation factors should be considered in order to optimize patient management and eventually improve the final outcome and prevent re-ruptures. in fact, sports activity level, multi-ligament injuries, and muscle strength status were found to influence clinical outcome in this study. Future studies with larger numbers of patients and stronger designs, aimed at evaluating the factors leading to better outcomes, will help to improve ACLR treatment and enable patients to achieve a safe recovery and a faster return to sports activities.
